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fCh1 is a lysogenic virus for the haloalkalophilic archaeon Natrialba magadii. The virus morphology resembles other
members of Myoviridae infecting Halobacterium species. The gene of the major capsid protein E of virus fCh1 was cloned
and the DNA sequence was determined. Gene E was mapped to a 3.2-kbp ClaI fragment, localized to the 59-end of the fCh1
genome. The complete nucleotide sequence of this region was determined and the identity of gene E was confirmed by
comparing the experimentally determined N-terminal amino acid sequence of the purified protein to the translated DNA
sequence of its open reading frame. We present evidence that the gene E product is proteolytically cleaved between Lys16
and Asn17 to yield the 305 residue polypeptides found in the mature viral capsid. Processing of the protein itself during virus
development was determined by 2D gel electrophoresis using protein E-specific antibodies. Sequence similarity studies
revealed an 80% identity to capsid protein Hp32 of fH, infecting Halobacterium salinarum. RT-PCR analysis as well as
Western blot studies revealed gene E as a late gene. Transcripts and proteins could be detected shortly before onset of lysis
of the lysogenic strain N. magadii L11. © 2000 Academic Press
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iINTRODUCTION
Besides Bacteria and Eukarya, Archaea have been
suggested to form the third domain of life (Woese and
Fox, 1977). Viruses which infect members of each of the
three major phenotypic groups of Archaea, the extreme
thermophiles, the methanogens, and the halophiles,
have been isolated (for reviews see Zillig et al., 1986,
988; Reiter et al., 1988).
Most archaeal viruses known so far have been iso-
lated during the last years from the group of extreme
halophilic Archaea. These viruses include Hs1 (Torsvik
nd Dundas, 1974, 1980), Ja1 (Wais et al., 1975), fH
Schnabel et al., 1982), Hh-1 and Hh-3 (Pauling, 1982;
Rohrmann et al., 1983), and fN (Vogelsang-Wenke and
esterhelt, 1988), all of them infecting the genus
alobacterium. HF1 and HF2 (Nuttall and Dyall-Smith,
993) were found to infect Halorubrum and Haloferax.
is1, the first lemon-shaped virus within this group of
alophilic Archaea, was isolated from Haloarcula his-
anica (Bath and Dyall-Smith, 1998).
Halovirus fH is the most intensively studied virus
within this group. Studies included the characterization
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376of virus-encoded insertion sequences (Schnabel et al.,
1982; Schnabel, 1984), mapping of early and late tran-
scripts (Gropp et al., 1989, 1992; Stolt and Zillig, 1992),
analysis of lytic control by the action of a transcriptional
repressor as well as antisense RNA control (Ken and
Hackett, 1991; Stolt and Zillig, 1993a,b,c, 1994), and the
identification of genes for structural proteins and putative
methyltransferases (Stolt et al., 1994).
Virus fCh1 was the first one isolated from a member
of the haloalkalophilic branch of Archaea (Witte et al.,
1997). Haloalkalophilic Archaea require not only high salt
concentrations but also high pH for growth and therefore
differ from the other genera of the Halobacteriales, living
at a neutral pH. fCh1 is a head–tail virus belonging to
the family of Myoviridae and infecting Archaea of the
species Natrialba magadii, thereby resulting in lysis of
the cells. Two strains of N. magadii are available: the
lysogenic strain L11 and strain L13 which has been
cured of the virus (Witte et al., 1997). The latter one was
used for infection with fCh1. Nucleic acid preparations
of purified fCh1 particles have been found to contain
DNA as well as RNA, which is a highly unusual feature of
viruses (Witte et al., 1997). The only comparable situation
has been found for Bacillus subtilis bacteriophage f29
Guo et al., 1987a,b), as well as for other B. subtilis
phages (Wichitwechkarn et al., 1989), in which a certain
RNA is associated with phage proheads. For phage f29
t was shown that this RNA is necessary for the DNA
ackaging process (Guo et al., 1987a,b). f29 RNA is
thought to form a circular, hexameric structure which is
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377CAPSID PROTEIN OF fCh1associated with the phage proheads and is not found in
mature phage particles contrary to the fCh1 RNA. Fur-
hermore, the RNA fraction isolated from fCh1 virus
particle preparations is a mixture of primarily host-en-
coded but also virus-encoded RNAs varying in length
from 100 to 800 nucleotides.
Since fCh1 was the first virus detected in haloalkalo-
philic Archaea and due to the fact that DNA as well as
NA was found in purified virus particles, fCh1 was
analyzed in more detail. Here we describe studies of the
major capsid protein E of virus fCh1. We have mapped
and sequenced gene E and expression has been moni-
tored on the RNA as well as on the protein level. Two-
dimensional protein gel electrophoresis was used to
show that protein E is processed in vivo during virus
maturation. We present evidence that protein E might be
associated with the cell envelope of N. magadii during
virus development.
RESULTS AND DISCUSSION
Identification of the gene encoding the major capsid
protein E of virus fCh1
Purified virus particles were precipitated with 10% TCA
and separated by 12% SDS-PAGE. Proteins were trans-
TABLE 1
Strains, Plasmids, and Primers
Strain Relevant marker Source/reference
N. magadii
L11 wt, fCh1 prophage Witte et al., 1997
L13 cured for fCh1 Witte et al., 1997
E. coli
XL1-Blue endA1, gyrA96, hsdR17 (r k
2m K
1),
lac, recA1, relA1, supE44,
thi, (F9, lacIq, lacZDM15,
proAB1, tet)
Stratagene
KT950 placUV5-T7 gene 1-kan::l`acZ
(F9, lacIq, lacZDM15, proAB1,
tet)
Tedin et al., 1995
Plasmids Relevant marker Source/reference
pKS-II1 mcs, bla, ColE1 Stratagene
pC-E ClaI-E-fragment cloned into pKS-II1 This study
pET-KH His-tag, mcs, bla, ColE1 Novagen (modified)
pET-E E cloned into pET-KH This study
Primers Sequence
-deg 59-AAYGCXYTXACXGTXGAYGAYYTX-39
-HIS-5 59-GAGATTTCAATGAGATCTCGAACCATCAAC-39
E-HIS-3 59-GATGGTGCGGCTAGCCATCGTTCACCG-39
CD-2 59-TCGACTGACAACCAACACACCC-39
CD-4 59-GCGTTCAGCCATCGTTCACC-39
Nb16F 59-GGAGACCATTCCGG-39
Nb16R 59-GGATCCGTCTTCCAG-39ferred onto PVDF membranes by semidry electroblotting
and stained with Coomassie Brilliant Blue. The band
containing protein E was excised and subjected to N-
terminal amino acid sequencing using standard Edman
degradation techniques. The N-terminal amino acid se-
quence determined for protein E was NALTVDDL, lack-
ing at least the first methionine. To localize the corre-
sponding gene on the fCh1 genome, a degenerate oli-
onucleotide deduced from this sequence was designed
oligonucleotide E-deg, Table 1). fCh1 DNA was cut with
estriction enzymes ClaI, PstI, and EcoRV, separated on
.8% agarose gels, blotted onto nylon membranes, and
ybridized with the 32P-labeled oligonucleotide. Hybrid-
zation with oligonucleotide E-deg revealed a signal cor-
esponding to a 3.2-kbp ClaI fragment (fragment D), a
3-kbp PstI fragment (fragment B), and a 2-kbp EcoRV
ragment (fragment G). The localization of the gene de-
cribed within this study is shown in a partial restriction
ap of the virus genome (Fig. 1).
equence analysis
The ClaI fragment D was isolated and cloned into
Blueskript II KS1, resulting in clone pC-E. The fragment
as subjected to DNA sequencing using the dideoxy
ethod of Sanger et al. (1977). An open reading frame of
66 nt coding for a 321 aa protein, which included the
equence NALTVDDL as determined by Edman degra-
ation, could be identified on ClaI fragment D. This open
eading frame was therefore termed gene E (Fig. 2). As
hown in Fig. 2, the N-terminal aa sequence NALTVDDL
s in a distance of 16 codons from the first methionine
tart codon of the open reading frame. This indicates
osttranslational processing of protein E. The size of the
ature protein was calculated to be 34.0 kDa, which is
ower than inferred from SDS-PAGE (Table 2). Protein E is
n acidic protein as reflected by a calculated isoelectric
oint of 3.74. A surplus of acidic over basic residues has
lso been observed for several H. salinarum proteins
Zaccai et al., 1989; Eisenberg and Wachtel, 1987), as
ell as for capsid proteins of virus fH infecting H.
salinarum (Stolt et al., 1994), a characteristic feature of
FIG. 1. Schematically presentation of the localization of gene E. Part
of the restriction map of fCh1 DNA is given with different restriction
ragments named by their size. Gene E is indicated on the top by a box.halophilic proteins in general (Lanyi, 1974; Eisenberg et
al., 1992; Frolow et al., 1996). In contrast to the low
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378 KLEIN ET AL.isoelectric point of the mature protein, the first 16 aa of
the unprocessed protein have an isoelectric point of 8.99
(Table 2). The G 1 C content (63.36%) of gene E did not
significantly differ from that determined for the fCh1
virus genome (Witte et al., 1997).
Similarity searches revealed an overall identity of 80%
at the amino acid level of protein E to the major capsid
protein Hp32 of H. salinarum virus fH (Fig. 3). Interest-
FIG. 2. Sequence of gene E encoding the major capsid protein of fC
the major capsid protein, are given. The amino acids determined by Ed
in italic and underlined. The complete sequence of the gene has beeningly, similar to protein E, protein Hp32 also seems to be
processed in H. salinarum (Stolt et al., 1994). However,comparison of the N-terminal aa sequences indicates
that cleavage seems to occur at different sites in the two
organisms (Fig. 2). Further similarities were found to an
open reading frame (orf 13) of Methanococcus thermo-
autotrophicum phage cM2 coding for a 35-kDa structural
protein (Pfister et al., 1998), as well as to an open reading
rame of Bacillus subtilis prophage PBSX (orf xkdG), and
o an open reading frame of the B. subtilis skin element
leotide and deduced amino acid sequence of fCh1 gene E, encoding
egradation are marked in bold. Sequences used for RT-PCR are given
ited in GenBank (Accession No. AF231018).h1. Nuc(orf yqbE) (Fig. 2). The skin element was shown to harbor
several phagelike operons (Krogh et al., 1996). A putative
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379CAPSID PROTEIN OF fCh1leucine zipper motif was found in the region from aa 201
to aa 222 (leucines 201, 208, 215, and 222, respectively).
Expression profile of gene E
Gene expression was analyzed by monitoring the rel-
ative transcription rate of the open reading frame in N.
magadii strains L11 and L13 during virus development by
reverse transcription PCR (RT-PCR). Strain L11 is a lyso-
genic strain harboring virus fCh1, whereas L13 has been
ured of the virus (Witte et al., 1997). Strain L11 was
ultivated in rich medium at 37°C for 9 days. At different
ime points (starting at an optical density of 0.1), samples
ere taken and total RNA was isolated (Fig. 4A). Onset of
ysis of the culture was observed between Day 4 and 5.
train L13 was incubated under the same conditions to
idlog phase (OD600 of 0.45) and infected with virus
fCh1 at a multiplicity of infection of three. Samples were
taken in the same intervals as for strain L11. The lysis
behavior of strain L11 and the infected strain L13, re-
spectively, were shown to be different. Onset of lysis of
strain L13 after infection with fCh1 was observed at a
much earlier time point than in strain L11 (Fig. 4B).
Following incubation with DNaseI, each RNA sample
was controlled for contaminating DNA which otherwise
would lead to false results in one-tube RT-PCR. Each
RNA sample was subjected to PCR using the same
buffers, amounts of RNA, primers, and cycling conditions
as for the combined RT-PCR (for details see Materials
and Methods). None of the reactions revealed a PCR
product, indicating that the RNA samples were free of
DNA (lane (2) in Figs. 5 and 6, respectively). As a
positive control for RT-PCRs, a part of the N. magadii 16S
rRNA (nucleotides 150 to 826 [Lodwick et al., 1991]) was
amplified from the purified total RNAs using N. magadii
specific 16S rDNA primers Nb16F and Nb16R, indicating
that the same amount of RNA was used (Fig. 6). To verify
that the correct fragments had been amplified, all PCR
products were separated on agarose gels and hybrid-
ized with the cloned gene E or with the 16S rDNA frag-
ment.
T
Characteristics of the Maj
Protein M (310 23) AA
E 35.8 321
E9 34.0 305
E (exp.) 50.0 n.d.
aa 1–16 1.8 16
aa 17–32 1.5 16
AA, number of amino acid residue; M, molecular mass calculated fr
not determined; D 1 E, amount of Asp and Glu; amount of His, Lys, aIn the lysogenic strain L11, the open reading frame
seemed to be expressed during a very late phase of the
c
gfCh1 infection cycle (Fig. 5A). The mRNA was detected
72 h after inoculation of the culture, approximately 20 h
before onset of lysis of the cells. Onset of transcription of
the analyzed open reading frame took place within a very
short period of time, resulting in a nearly immediate high
level of transcripts.
In strain L13 infected with fCh1, the first transcripts of
he gene were visible at a much earlier time point (Fig.
A). This was in accordance with the shorter time period
ntil onset of lysis was observed for this strain. However,
he number of transcripts increased in a more continu-
us way during virus development as compared to strain
11. This may reflect different modes of virus develop-
ent for the lysogenic strain L11 and strain L13, infected
ith fCh1. For the latter one, virus fCh1 might directly
enter the lytic stage.
Heterologous expression of gene E in Escherichia
coli
To purify protein E, the corresponding gene was
cloned into E. coli expression vector pET-KH (Table 1),
resulting in an N-terminal fusion of the protein to a
6xHis-tag (plasmid pET-E). Gene E primer pairs E-His-5
and E-His-3 harboring an introduced BglII restriction site
and a NheI site, respectively (Table 1), were used for
cloning of the obtained PCR fragment into the corre-
sponding sites of the vector. Correct cloning and orien-
tation of the fragment was controlled by sequencing of
the clone. After induction with IPTG (for details see Ma-
terials and Methods), an additional protein band with the
expected size could be detected in Coomassie Brilliant
Blue stained SDS-PAGE gels (data not shown). In immu-
noblots, this band was recognized by a-His-antibodies
nd therefore identified as the His-tagged protein E (data
ot shown). Expression of protein E in E. coli was verified
y Western blot analysis using an antiserum raised
gainst whole virus particles. As shown in Fig. 7A, the
ell extract including protein E revealed a signal, which
as absent from the control extract. The His-tagged
rotein E was purified from crude cell extracts by affinity
sid Protein of Virus fCh1
pI D 1 E H 1 K 1 R
3.8 76 (23.55%) 38 (8.69%)
3.74 74 (24.19%) 25 (8.17%)
3.6 n.d. n.d.
8.99 2 (12.5%) 3 (19%)
3.1 4 (25%) —
A sequences; pI, isoelectric point predicted from DNA sequence; n.d.,
.ABLE 2
or Caphromatography using Ni-NTA-agarose columns (Qia-
en). To obtain antibodies directed against protein E,
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380 KLEIN ET AL.rabbits were immunized with the purified fusion protein.
The specificity of the a-E-antiserum was tested using
fCh1 structural proteins and cell extracts from N. maga-
ii and E. coli. The signal was observed in the range of
he molecular weight of protein E. Cell extracts of the
irus-cured strain L13 showed no reaction with a-E-
ntiserum (Fig. 7B), indicating the specificity of the anti-
erum.
ynthesis of protein E during the infection cycle of
fCh1
To monitor gene expression not only on the RNA level
FIG. 3. Amino acid sequence of protein E of fCh1 as deduced from th
Protein E of fCh1 was compared with protein Hp32 of virus fH infecti
Mizuno et al., 1996, [D84432]), XkdG of B. subtilis (Krogh et al., 1996 [Z
Pfister et al., 1998 [AF065411]). Identical amino acid sequences (black
cid sequences similar (gray boxes) or identical (black boxes) with atbut also at the protein level, samples for immunoblotting
were taken at the same time points and from the sameculture as used for RT-PCRs. Total cell extracts were
subjected to SDS-PAGE, blotted onto nitrocellulose
membranes, and probed with antibodies raised against
His-tagged protein E. The overall pattern of the particular
protein bands was comparable to that obtained with
mRNAs in RT-PCRs. Not surprisingly, the appearance of
proteins is somewhat delayed when compared to virus
transcripts, reflecting the higher sensitivity of RT-PCR as
compared to immunoblotting. In the lysogenic strain L11,
the first appearance of protein E could already be seen
approximately 24 h before the onset of lysis (Fig. 8A). The
same situation was found in the infected strain L13.
rmined nucleotide sequence and alignment with other capsid proteins.
alinarum (Stolt et al., 1994 [Accession No. X80162]), YqbE of B. subtilis
) and ORF13 of virus cM2 infecting M. thermoautotrophicum Marburg
) found in all analyzed proteins are indicated by asterisks, the amino
hree of five compared proteins are indicated by points.e dete
ng H. s
70177]Antibodies raised against the His-tagged version of pro-
tein E detected only one band of approximately 50 kDa,
N as perf
re indi
N
w
381CAPSID PROTEIN OF fCh1indicating the absence of covalently linked, multimeric
forms of protein E (Fig. 8B), as was reported for the head
shell protein of bacteriophage HK97 (Popa et al., 1991).
Localization and processing of protein E in N. magadii
A number of capsid proteins are associated with the
cytoplasmic membrane during virus development. For
FIG. 4. Growth and lysis of N. magadii L11 and L13. N. magadii was
(F). A: Growth of N. magadii L11: virus release to the culture medium w
. magadii L13: infection with fCh1 (indicated with the large arrow) w
when samples were taken for isolation of RNA and Western blotting, a
FIG. 5. Detection of fCh1 gene E transcripts during the life cycle of
at various time points during the infection cycle of fCh1 in the lysoge
hybridizations. A: RT-PCRs of samples taken at different timepoints usin
Nb16F and Nb16R for the detection of N. magadii 16S rRNA. As hybrid
. magadii 16S rRNA (B), respectively, were used. (1), positive contro
without a preceding RT reaction using total RNA isolated from N. maga
virus-cured strain N. magadii L13; 12–192; RT-PCRs using samples taken at di
ell as the onset of lysis are indicated by arrows.example, the initiator vertex assembly of bacteriophage
T4 occurs on the plasma membrane (Black et al., 1994)
and results have shown that the vertex protein gp20
binds to the membrane of E. coli in vivo (Brown and
Eiserling, 1979a,b; Hsiao and Black, 1978). To localize
protein E within N. magadii, cytoplasmic as well as
membrane fractions were collected and used for West-
in rich medium at 37°C. The optical density was measured at 600 nm
ermined as described under Materials and Methods (E). B: Growth of
ormed at t 5 0 h with a multiplicity of infection of three. Time points,
cated by arrows.
adii L11 using RT-PCR. PCR and RT-PCR products from samples taken
ain L11 were separated on 0.8% agarose gels and used for Southern
E specific primers CD-2 and CD-4. B: Control RT-PCRs using primers
probes, the entire cloned gene E fragment (A) and a fragment of the
using fCh1 genomic DNA as a template; (2), negative control: PCR
120 h after inoculation; L13, RT-PCR using total RNA isolated from thegrown
as detN. mag
nic str
g gene
ization
l: PCR
dii L11fferent time points after inoculation of N. magadii L11. The products as
after 1 h
well as
382 KLEIN ET AL.ern blot analysis. As shown in Fig. 9, lanes 5 and 7,
signals were obtained in both fractions. However, the
majority of protein E could be obtained in the insoluble
fraction and therefore seemed to be associated with the
membrane (Fig. 9, lane 7). The sample was taken 72 h
after inoculation of N. magadii L11, the first time point at
which protein E can be detected (see Fig. 8A). On the
other hand, free virus particles could be detected as low
as 5 3 101 pfu/ml within this sample (see Fig. 4A). These
data indicate that the major part of protein E detected
within the insoluble fraction is not incorporated in mature
virus particles at this time.
Comparison of the deduced amino acid sequence and
the obtained N-terminal amino acid sequence from the
mature protein E indicated a proteolytic cleavage of the
first 16 amino acids. To determine processing of protein
E in N. magadii L11, two-dimensional gel electrophoresis
was performed. Total cell extract samples, taken after
onset of lysis of the culture, were separated according to
their pI by isoelectric focusing (IEF) using immobilized
pH gradients. For second-dimension separation, pro-
teins were subjected to SDS-PAGE. To detect protein E,
Western blot analysis was performed using a-E antibod-
ies. The appearance of two spots within cell extracts of
N. magadii showed protein E in its processed and un-
processed forms (Fig. 10A). In contrast to N. magadii L11,
separation of whole virus particles gave only one signal
according to the mature, processed form of protein E
FIG. 6. Detection of fCh1 gene E transcripts after infection of N. maga
different timepoints after infection with fCh1 were separated on a 0.8% a
at different timepoints using gene E specific primers CD-2 and CD-4. B: c
16S rRNA. PCR and RT-PCR products were separated on 0.8% agarose ge
gene E fragment (A) and a fragment of the N. magadii 16S rRNA (B), res
template; (2), negative control: PCR without a preceding RT reaction using
RNA isolated from the virus-cured strain N. magadii L13; ad, sample taken
time points after infection of N. magadii L13 with fCh1. The products as(Fig. 10B).
Typically, virus proteins that are associated with thehost membrane are utilized by the virus in either DNA
packaging and/or progeny assembly. For example, bac-
teriophage T4 harbors three membrane-associated pro-
teins, P22, P23, and P24, that are believed to be involved
in phage assembly. Cleavage of these head proteins is
thought to be a requirement for the release of progeny
precursors from the host membrane (Siegel and Schae-
chter, 1973). Therefore, it is conceivable that protein E of
fCh1 has a role in packaging of the 58.5-kbp DNA
harbored within the virus or in assembly of coat proteins
as the virus exits the host.
A putative leucine zipper was found in the region from
aa number 201 to aa number 222 (leucines 201, 208, 215,
and 222, respectively). This structural motif was first
discovered in several DNA-binding proteins (Landschulz
et al., 1988; Abel and Maniatis, 1989), where it was
shown to contribute to the dimerization of protein sub-
units. A search of the SWISS-PROT and TrEMBL data-
bases revealed a series of phage structural proteins or
proteins involved in phage morphogenesis harboring a
leucine zipper motif (data not shown). A leucine zipper
such as the putative one in fCh1 protein E might con-
tribute to the multimerization of the structural proteins
during virus maturation.
MATERIALS AND METHODS
Strains, plasmids, and primers
with fCh1. PCR and RT-PCR products from samples taken before and at
gels and used for Southern hybridizations. A: RT-PCRs of samples taken
T-PCRs using primers Nb16F and Nb16R for the detection of N. magadii
sed for Southern hybridization. As hybridization probes, the entire cloned
y, were used. (1), positive control: PCR using fCh1 genomic DNA as a
NA isolated from N. magadii L13 16 h after infection with fCh1; L13, total
of adsorption of fCh1 to N. magadii L13; 1–52, samples taken at different
the onset of lysis are indicated by arrows.dii L13
garose
ontrol R
ls and u
pectivel
total RAll strains, plasmids, and primers used are listed in
Table 1.
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383CAPSID PROTEIN OF fCh1Media and growth conditions
N. magadii was incubated in rich medium containing
.8 g casamino acids, 11.7 g yeast extract per 1 l in 4 M
NaCl, 1 mM MgSO4, 0.02 mM FeSO4, 36 mM Na2CO3,
1.5 mM KCl, 3 mM Na3-citrate. Liquid cultures were
ncubated with aeration at 37°C. Virus titers were deter-
ined by plating appropriate dilutions prepared in rich
edium in top agar containing 0.7% agar as described
reviously (Witte et al., 1997). Plates (1.5% agar) were
ncubated at 37°C in sealed plastic bags for 1–2 weeks.
. coli strains were incubated in LB medium at 37°C as
reviously described (Miller, 1972). Ampicillin, tetracy-
line, and kanamycin were added to the LB medium, as
equired.
solation and purification of virus particles
Virus particles and virus nucleic acids were isolated
s previously described (Witte et al., 1997).
rotein manipulations
For N-terminal amino acid sequencing, fCh1 particles
FIG. 7. Immunoblot of capsid protein E with a-fCh1 antibodies in cell
xtracts of N. magadii L11 and E. coli. Cell extracts were prepared as
escribed under Materials and Methods. A: Extracts of E. coli KT950
pET-KH) [lane 1] and E. coli KT950 (pET-E) [lane 2] were analyzed by
estern blotting using an antiserum raised against whole virus parti-
les. B: Extracts of fCh1 [lane 1], N. magadii L11 [lane 2], E. coli KT950
pET-E) [lane 3], and E. coli KT950 (pET-KH) [lane 4] were analyzed by
estern blotting using a-E antibodies. The protein E signal is indicated
on the right.ere precipitated with 10% TCA and subjected to 12%
DS-PAGE according to Laemmli (1970). Proteins were
c
bransferred onto PVDF membranes (Millipore) by semidry
lectroblotting and stained with Coomassie Brilliant
lue. The protein band was cut out of the membrane and
ubjected to N-terminal amino acid sequencing.
Purification of fCh1 protein E was achieved by cloning
ene E into pET-KH to create a 59-fusion to the His-tag.
he gene was expressed by addition of 1 mM IPTG to
00 ml culture. The induced culture was harvested after
80 min of incubation at 37°C. Cells were resuspended
n buffer B (8 M urea, 0.1 M NaH2PO4, 0.01 M Tris-HCl, pH
8.0), disrupted by sonication, and the His-tagged protein
was affinity purified under denaturing conditions using a
nickel-agarose column (Qiagen). Antibodies were then
raised in rabbits against the purified protein. To obtain an
antiserum against whole virus particles, a fCh1 solution
was precipitated with 5% TCA. The resulting pellet was
washed with 70% ethanol, dried, and used to raise anti-
bodies in rabbits.
Western blot analyses were performed essentially as
described by Harlow and Lane (1988) and Immunodetec-
tion was performed with polyclonal antibody against
whole virus particles, the His6-tag (Qiagen), or protein E
as the primary antibody. Detection of the antigen–anti-
body complex was done with the “SuperSignal West
Pico” chemoluminescent substrate (Pierce).
DNA manipulations
Most of the DNA manipulations were carried out es-
sentially as described by Sambrook et al. (1989). Restric-
tion enzymes and T4 DNA ligase were obtained from
New England Biolabs and Roche Diagnostics. Plasmid
DNA was isolated by the method of Birnboim and Doly
(1979) and/or by using Qiagen Midi-Plasmid isolation
columns. PCR was performed using Pfu polymerase
(Stratagene). PCR fragments were purified using QIA-
quick-spin PCR purification columns (Qiagen).
Hybridization techniques
For Southern hybridizations, DNA of virus fCh1 was
igested with restriction endonucleases. After agarose
el electrophoresis, the DNA was denatured for 30 min
n 0.4 N NaOH and blotted for a minimum of 4 h onto
eneScreen Plus membranes (NEN Research Products)
ith 0.4 N NaOH as the blotting solution. Blots were
ashed with 2 3 SSC and the DNA was UV crosslinked
to the membrane. For standard hybridizations using
probes labeled with [a-32P] dCTP by random priming
Random Primed DNA Labeling Kit, Roche Diagnostics),
rehybridization was performed for 1 h at 65°C in a
uffer containing 5 3 SSC (1 3 SSC 5 0.15 M NaCl and
.015 M sodium citrate), 5 3 Denhardt’s solution, 0.1%
DS, 1 mM EDTA, 0.5% BSA, and 50 mM Na2HPO4. After
rehybridization, labeled DNA was added to a final con-
entration of 25 ng/ml and probes were allowed to hy-
ridize to the DNA at 65°C overnight. Following hybrid-
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384 KLEIN ET AL.ization, blots were washed once at 65°C for 15 min in
2 3 SSC and once at 65°C in 2 3 SSC/0.1% SDS.
Degenerate oligonucleotides were labeled with [g-32P]
TP using T4 polynucleotide kinase (Roche Diagnostics).
ybridization conditions were essentially the same as
escribed above with the exception that hybridization
emperatures depended on the particular oligonucleo-
ides (see Table 1). Buffers and reaction conditions were
s recommended by the manufacturers. [g-32P] ATP and
[a-32P] dCTP were purchased from Amersham Pharma-
ia.
everse transcription-polymerase chain reaction
RT-PCR)
Total cellular RNA was isolated according to the pro-
ocol of Chomczynski and Sacchi (1987) with the one
FIG. 8. Detection of protein E in crude extracts of N. magadii. Crude
and detection of protein E was performed with antibodies raised again
from strain N. magadii L13; 12–192, samples taken at different time poin
onset of lysis are indicated by arrows; B: ad, sample taken after 1 h of
time points after infection of N. magadii L13 with fCh1. The eclipse and
were separated in lanes marked with (1). Molecular weight markers a
samples were taken are indicated on the bottom.odification: cells were resuspended and washed in 2 M
aCl/50 mM Tris-HCl, pH 7. To remove traces of DNA,
sNAs were treated with RNase-free DNaseI (Roche Di-
gnostics) in the presence of 1 U/ml RNasin ribonucle-
ase inhibitor (Promega). RNAs were purified again and
stored at 280°C. RT-PCRs were performed using the
Titan One Tube RT-PCR System (Roche Diagnostics) ac-
cording to the instructions of the manufacturer. Each
reaction contained 10 ng of total RNA. The second primer
was omitted from the reverse transcription reaction. Re-
verse transcription was performed at 50°C. After heating
the samples to 94°C for 2 min, the second strand primer
was added and cDNAs were amplified in 30 subsequent
cycles under the following conditions: 94°C for 1 min;
50°C for 1 min; 72°C for 2 min. A final extension step of
7 min at 72°C completed the reactions. The primer pair
CD-2 and CD-4 was used (Table 1). Amplification of N.
agadii 16S rRNA using primers Nb16F and Nb16R
ts of N. magadii L11 (A) or L13 (B) were separated on 12% SDS-PAGE
urified protein expressed in E. coli. Explanations: A: L13, crude extract
ng growth and lysis of N. magadii L11. The specific product as well as
tion of N. magadii L13 with fCh1; 1–52, samples taken from different
eriod are indicated on top by bars. As a positive control virus, proteins
ated on the left, protein E is indicated on the right. Time points whereextrac
st the p
ts duri
adsorp
latent perved as a positive control.
Prior to RT-PCR, all samples were proven to be free of
(a
a
385CAPSID PROTEIN OF fCh1contaminating DNA by performing control PCRs without
a preceding reverse transcription step. Buffers, cycling
conditions, and the amount of template were the same
as for RT-PCRs.
DNA sequencing and sequence analysis
Sequencing was performed by the VBC-Genomics se-
quencing team on a LI-COR DNA sequencer (Model
4200) using IR-labeled oligonucleotides (700 and 800
nm). Both strands of the DNA strand have been se-
quenced. The cloned fCh1 fragment was sequenced
using T3 and T7 standard sequencing primers. Internal
parts of the cloned fragment were sequenced by primer
walking. Sequence assembly was achieved using the
SeqMan II program (DNASTAR). Sequence similarity
searches were performed using the FASTA (Pearson and
Lipman, 1988) and BLAST 2.0 (Altschul et al., 1997) pro-
grams. Searches for blocks of conserved sequences
were carried out using the BLOCKS software (Henikoff
and Henikoff, 1994). PROSITE searches (Bairoch et al.,
1997) were used for identification of conserved protein
signatures.
Membrane preparation
N. magadii cells were resuspended in TN buffer (4 M
NaCl, 50 mM Tris-HCl, pH 9.5) and disrupted by a French
press (1500 psi), followed by incubation with DNaseI.
Unbroken cells were removed (6,000 g, 20 min at RT) and
membrane fractions were collected by centrifugation
(310,000 g, 60 min at RT). The pellets were washed with
TN buffer and collected by centrifugation (310,000 g, 60
min at RT).
Two-dimensional gel electrophoresis
A N. magadii culture (3 ml), taken after onset of lysis,
was collected by centrifugation, resuspended in 200 ml
FIG. 9. Localization of protein E. Membrane fractions were prepared
as described under Materials and Methods. Samples were separated
on a 12% SDS-PAGE and analyzed by Western blotting using a-E
ntibodies. Lane 1: fCh1. Lanes 2, 4 and 6: N. magadii L13 cell extract,
cytoplasmic fraction, and membrane fraction, respectively. Lanes 3, 5
and 7: N. magadii L11 cell extract, cytoplasmic fraction, and membrane
fraction, respectively. Molecular weight markers are indicated on the
left, protein E is indicated on the right.of TN buffer (4 M NaCl, 50 mM Tris-HCl, pH 9.5), and
incubated for 2 h at 37°C. After addition of 1 vol. 10%
TCA, the sample was centrifuged and the pellet was
washed with 70% EtOH. The pellet was resuspended in
50 ml lysis buffer (8 M urea, 4% CHAPS, 40 mM Tris
base)).
Virus fCh1 (50 ml) was incubated with 1 vol. of 10%
TCA and precipitated by centrifugation. The pellet was
washed with 70% EtOH and resuspended in 50 ml lysis
buffer. Samples were used for isoelectric focusing using
Immobiline DryStrip gels (pH 3–10) and the IPGphor
Isoelectric Focusing System from Amersham Pharmacia.
After completion of the first dimension, the strips were
placed on a 12% SDS-PAGE and proteins were separated
by their molecular mass. Proteins were transferred to a
nitrocellulose membrane and incubated with a-E anti-
bodies. Detection of signals was performed with the
Supersignal-Substrate Kit (Pierce).
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